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Background: Although previous studies have demonstrated that irisin plays an anti-inflammatory role in the body, conflicting re-
sults have been reported regarding the correlation between serum levels of irisin and C-reactive protein (CRP). The present meta-
analysis was conducted to further investigate the correlation between irisin and CRP levels. 
Methods: We systematically searched PubMed, the Cochrane Library, Web of Science, Embase, SCOPUS, and Ovid to retrieve 
studies assessing the correlation between irisin and CRP levels. Meta-analyses were performed using a random-effects model, and 
the I2 index was used to evaluate heterogeneity. 
Results: Of the 428 studies that were initially found, 14 studies with 2,530 participants met the inclusion criteria for the meta-analy-
sis. The pooled effect size was calculated as 0.052 (95% confidence interval, −0.047 to 0.152; P=0.302). Subgroup analyses identi-
fied s ignificant, positive, but weak correlations between CRP and irisin levels in cohort studies, studies conducted among healthy 
participants, studies in which the male-to-female ratio was less than 1, in overweight or obese subjects, and in studies with a sample 
size of at least 100 participants. 
Conclusion: The present meta-analysis found no overall significant correlation between irisin and CRP levels, although a significant 
positive correlation was found in overweight or obese subjects. Well-designed studies are needed to verify the results of the present 
meta-analysis.
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INTRODUCTION

Irisin, a novel peptidic myokine, was discovered by Bostrom et 
al. [1] in 2012. It is secreted from skeletal muscle tissue through 
the cleavage of fibronectin type III domain containing 5 
(FNDC5), and is regulated by peroxisome proliferator-activated 
receptor (PPAR)-coactivator-1α (PGC-1α) [1]. Irisin stimulates 
thermogenesis via browning of white adipose tissue, and subse-

quently increases energy expenditure, improves glucose homeo-
stasis, and regulates energy metabolism [2]. In addition to its 
regulatory role in metabolism, a limited number of studies have 
demonstrated that it plays a role in immunity, and most of those 
studies found that irisin has anti-inflammatory properties [3]. In 
light of its function in metabolism and immunity, irisin has been 
considered as a new therapeutic target for metabolic disorders 
[4-6].
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C-reactive protein (CRP), a common acute-phase reactant, is 
a sensitive serum parameter for diagnosing systemic inflamma-
tion [7-9]. It has been well documented that pro-inflammatory 
cytokines, such as tumor necrosis factor-α (TNF-α), interleu-
kin-6 (IL-6), and IL-1β, can regulate the production and secre-
tion of CRP [10]. In response to any inflammatory stimulus, se-
rum levels of CRP increase and then decrease very rapidly [10]. 
Moreover, it has been shown that serum levels of CRP and other 
inflammatory biomarkers are influenced by muscle contraction, 
as well as by serum irisin levels [11]. This finding implies a re-
lationship between serum concentrations of irisin and CRP. The 
possible association between irisin and CRP has been assessed 
in several studies. Hou et al. [12] reported that circulating irisin 
was significantly and negatively correlated with high-sensitivity 
CRP. However, another study found a significant positive corre-
lation between irisin and high-sensitivity CRP levels in the gen-
eral population [13]. In another study conducted by Jameel et al. 
[14], no significant correlation was seen between serum levels 
of irisin and high-sensitivity CRP in healthy adults. Due to the 
inconsistent results of previous studies, we carried out a system-
atic review and meta-analysis of extant observational studies to 
assess the correlation between circulating irisin levels and se-
rum levels of CRP.

METHODS

Data sources and search strategies
A comprehensive literature search of six databases, including 
PubMed, the Cochrane Library, Web of Science, Embase, SCO-
PUS, and Ovid, was conducted using the keywords “C reactive 
protein,” “C-reactive protein,” “high-sensitivity CRP,” “hs-
CRP,” “high sensitivity CRP,” “hscrp,” and “CRP” in combina-
tion with the keywords “irisin” and “FNDC5” for studies in all 
languages published up to March 28, 2018. The complete search 
strategy is presented in Supplemental File S1.

Study selection
All the potentially relevant studies obtained from the databases 
were reviewed by two investigators (E.E. and M.Z.K.). The titles 
and abstracts of retrieved publications were initially screened for 
potentially eligible studies, which were subsequently evaluated 
by full-text review. Studies were included if the study popula-
tion was adults (mean age ≥18 years) and if they presented re-
sults on the relationship between circulating irisin and CRP lev-
els (measured in plasma or serum). All types of studies except 
animal-based studies, reviews, posters, and letters to the editor 

were included. Studies were excluded if the participants were 
lactating or pregnant woman and if complete data were unavail-
able. The initial search was supplemented by checking the refer-
ence lists of the retrieved articles to identify missed studies. 
Disagreements about the eligibility of any article were solved 
by discussing with a third author (A.A.). This study was ex-
empted from the requirement for a consent form.

Data extraction and quality assessment 
Data from eligible studies were extracted by two investigators 
(E.E. and O.A.) using an Excel form. The following data were 
extracted from each eligible study: first author, publication year, 
study location, study population, study design, sample size, type 
of blood sample, circulating irisin and CRP levels, age, body 
mass index (BMI), sex ratio, measures of association, and brief 
results together with the adjusted covariates. When the data 
were insufficient for a meta-analysis, we contacted the authors 
directly to obtain the data. Study quality was assessed by the 
Newcastle-Ottawa Scale (NOS) [15].

Data synthesis and analysis 
Meta-analysis was carried out using Stata version 12.0 (Stata 
Corp., College Station, TX, USA). A fixed-effects model was 
used for the assessment of the pooled effect size. When hetero-
geneity was present, a random-effects model was used. Hetero-
geneity was tested using the I2 statistic, and an I2 value ≥50% 
with a level of significance of P<0.05 by the Cochran Q-test 
was interpreted as evidence of substantial heterogeneity. Publi-
cation bias was assessed by a funnel plot analysis, the Begg ad-
justed rank correlation test, and the Egger regression asymmetry 
test. Subgroup analyses were carried out based on the quality of 
the studies, disease status of the participants, sex ratio (men vs. 
women), study design (cross-sectional vs. case-control vs. co-
hort), sample size, and BMI of the participants. The trim-and-
fill method was used to explore the number and outcomes of 
potential missing studies. Additionally, the metaninf test was 
used to assess the effect of individual studies by estimating the r 
values obtained when each study was omitted.

RESULTS

The first step of the search yielded 24, 9, 30, 52, 214, and 97 ci-
tations in PubMed, Cochrane Library, Web of Science, Embase, 
SCOPUS, and Ovid, respectively (Fig. 1). Two additional stud-
ies were found while searching the reference lists [16,17]. Of 
these, 141 articles were excluded due to duplication. The titles 
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and abstracts of 287 articles were reviewed. Forty-two studies 
were identified for full-text review. Of these, 28 studies were 
excluded for the following reasons: three studies were posters, 
data were not available for six studies, and 19 studies did not re-
port the association between irisin and CRP levels. Ultimately, 
14 articles were included in the meta-analysis [12-14,16-26].

Study characteristics
The selected studies were published between 2012 and 2017 
(Table 1), with a total sample size of 2,530. The mean age of the 
participants ranged from 29 to 66.9 years, and the mean BMI 
ranged from 23.18 to 37.42 kg/m2. All studies included both 
sexes, and the ratio of male to female participants ranged from 

0.36 to 1.47. Three studies were from the USA, and others were 
from China, Germany, Italy, Turkey, Korea, Australia, Poland, 
and Singapore. Six studies were cross-sectional studies, six 
were case-control studies, and two were cohort studies. Two of 
the studies included type 2 diabetes mellitus patients, five stud-
ies included healthy individuals or the general population, two 
studies included patients with chronic kidney disease, one study 
included patients with psoriasis, one study included patients 
with metabolic syndrome, one study included obese subjects, 
one study included nonalcoholic fatty liver disease patients, and 
one study included patients with knee osteoarthritis. Seven stud-
ies had sample sizes of 100 to 1,000 patients, while the remain-
ing seven studies had a sample size under 100 patients. Four 

Fig. 1. Flow diagram of the literature search. CRP, C-reactive protein.

426 Articles identified in total through database search
	    24 PubMed
	       9 the Cochrane Library
	    30 Web of Science
	    52 Embase
	 214 SCOPUS
	    97 Ovid 2 Additional articles identified through other sources

428 Articles identified in all the database

287 Articles screened on titles/abstracts

42 Articles identified for full-text review

14 Articles included in the meta-analysis

141 Duplicate removed

245 Articles excluded
109 Reviews/meta-analyses
   14 Not on human beings
105 Studies not related
   11 Studies on subjects ≤18-year-old
      6 Studies on pregnant or lactating women

28 Articles further excluded
  3 Posters
  6 No available data
19 �Not reporting of the association  

between irisin and CRP
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studies used the enzyme-linked immunosorbent assay (ELISA) 
method to determine the circulating levels of CRP, and seven 
studies used other methods, such as immunoturbidimetric as-

says. All studies used the ELISA method to evaluate circulating 
levels of irisin.

Table 1. Characteristics of the Selected Studies Included in This Meta-Analysis

Study Country Study 
design Study population Sex ratio 

(male/female)
Mean age, 

yr
Sample 
size, n

BMI, 
kg/m2 Results

Newcastle-
Ottawa 
scale

Choi et al. 
(2014) [18]

USA Cross- 
sectional

Patients with  
nonalcoholic fatty 
liver disease 

0.36 45.25 84 23.18 No significant correlation 
was observed between 
irisin and CRP levels

9.0

Mao et al. 
(2016) [19]

China Case- 
control

Patients with knee  
osteoarthritis

0.61 60.80 215 24.48 Serum irisin levels were 
negatively correlated 
with CRP levels

7.0

Stengel et al. 
(2013) [20]

Germany Cross- 
sectional

Healthy adults 0.67 43.22 40 37.42 No significant correlation 
was observed between 
irisin and CRP levels

7.0

Wen et al. 
(2013) [21]

USA Cross- 
sectional

Patients with chronic 
kidney disease

0.9 58.03 38 24.6 No significant correlation 
was observed between 
irisin and CRP levels

9.0

Park et al. 
(2014) [22]

USA Cross- 
sectional

Healthy Caucasian and 
African-American 
individuals

0.89 45.45 151 30.21 Irisin levels were posi-
tively correlated with 
CRP levels

8.0

Buscemi et al. 
(2018) [13]

Italy Cohort General-population  
cohort of the ABCD 
Study

0.71 53.30 858 28.4 Serum irisin levels had a 
positive correlation 
with CRP levels

4.0

Ates et al. 
(2017) [23]

Turkey Case- 
control

Patients with type 2  
diabetes mellitus

0.84 29.40 35 25.6 No significant correlation 
was observed between 
irisin and CRP levels

8.0

Huh et al. 
(2016) [24]

Korea Cohort Patients with type 2  
diabetes mellitus

0.38 58.03 170 25.4 No significant correlation 
was observed between 
irisin and CRP levels

5.0

Hou et al. 
(2015) [12]

China Case- 
control

Obese subjects 0.93 32.01 81 26.11 Circulating irisin levels 
were negatively corre-
lated with CRP levels

8.0

Tabak et al. 
(2017) [25]

Turkey Case- 
control

Patients with metabolic 
syndrome

0.91 49.85 180 30.85 Irisin levels were posi-
tively correlated with 
CRP levels

8.0

Jameel et al. 
(2015) [14]

Australia Cross- 
sectional

Healthy adults 1.33 36.00 49 24.3 No significant correlation 
was observed between 
irisin and CRP levels

7.0

Baran et al. 
(2017) [26]

Poland Case- 
control

Patients with psoriasis 1.47 48.60 37 27.25 No significant correlation 
was observed between 
irisin and CRP levels

8.0

Ebert et al. 
(2014) [17]

Germany Cross- 
sectional

Patients with chronic 
kidney disease

1.34 66.91 532 27.34 No significant correlation 
was observed between 
irisin and CRP levels

9.0

Liu et al. 
(2013) [16]

Singapore Case- 
control

Healthy adults 0.71 40.60 60 25 No significant correlation 
was observed between 
irisin and CRP levels

6.0

BMI, body mass index; CRP, C-reactive protein; ABCD, Alimentazione, Benessere Cardiovascolare e Diabete.
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Meta-analysis
Of the 14 studies selected for the meta-analysis, nine reported 
no correlation between circulating irisin and CRP levels, three 
reported a positive correlation, and two reported a negative cor-
relation. A random-effects model was used to estimate the over-
all correlation between irisin and CRP levels. The pooled effect 
size was calculated at 0.052 (95% confidence interval [CI], 
−0.047 to 0.152; P=0.302) (Fig. 2). There was a moderate-to-
high level of heterogeneity (I2=83.5%, P<0.001) among the in-
cluded studies. Therefore, to identify the sources of heterogene-
ity, we performed subgroup analyses. The subgroup analysis by 
study design indicated that heterogeneity was lower in both 
cross-sectional and cohort studies (I 2=62.2%, P=0.021; 
I2=74.0%, P=0.050; respectively) (Table 2), and the correlation 
was only significant in cohort studies. The subgroup analysis by 
disease status demonstrated that disease status of the partici-
pants was a source of heterogeneity (Table 2). In the subgroup 
of healthy people and the general population, the heterogeneity 
was not significant (I2=55.4%, P=0.081) (Table 2). As shown 
in Table 2, a significant positive correlation between CRP and 

Fig. 2. Forest plot of the random-effects meta-analysis of the correlation between C-reactive protein and irisin levels. ES, effect size; CI, 
confidence interval. 

irisin levels was found in the subgroup of healthy people and 
the general population (r=0.12; 95% CI, 0.062 to 0.178). An-
other source of heterogeneity was the male-to-female ratio. As 
Table 2 indicates, heterogeneity was lower in studies in which 
the male-to-female ratio was 1 or higher (I2=35.8%, P=0.211). 
In addition, there was a significant direct correlation between 
CRP and irisin levels in studies where the male-to-female ratio 
was lower than 1 (Table 2). The subgroup analysis according to 
BMI indicated that a significant positive correlation was present 
in participants with a BMI ≥25 kg/m2 (Table 2). Moreover, as 
shown in Table 2, a significant but weak positive correlation 
was found between CRP and irisin levels in high-quality studies 
(NOS ≥8) (r=0.077; 95% CI, 0.025 to 0.128). We likewise 
found a significant but weak positive correlation (r=0.040; 95% 
CI, 0.002 to 0.078) in studies with a sample size of more than 
100 participants (Table 2). Furthermore, the subgroup analysis 
according to the methods of measuring CRP indicated that there 
was no significant correlation in studies that used ELISA, 
whereas a significant positive correlation was found in studies 
that used other methods (Supplemental Fig. S1).
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Publication bias, trim-and-fill analysis, and sensitivity 
analysis 
The evaluation of publication bias using funnel plots demon-
strated no evidence of publication bias within the studies (Fig. 
3). Furthermore, both the Egger test and the Begg test showed 
no evidence of publication bias (P=0.897 and P=0.584, respec-
tively). The trim-and-fill analysis explored the potential theoret-
ical existence of two hypothetical studies that were not pub-
lished due to publication bias; however, the results obtained by 
considering those two hypothetical studies demonstrated no sig-
nificant correlation (pooled effect size, 0.015; 95% CI, −0.083 
to 0.114), which was highly similar to the results without these 
studies. In the metaninf analysis, one study [19] seemed to in-
fluence the results (Supplemental Fig. S2). By omitting this 
study, the direction of the correlation between irisin and CRP 
did not change; however, it became significant (pooled effect 
size, 0.082; 95% CI, 0.001 to 0.164).

Table 2. Subgroup Analysis Based on Fixed-Effects Models for the Correlation between Irisin and CRP Levels

Variable Effect sizes, n I 2, % Q test r (95% CI) P between

Overall 14 83.5 <0.001 0.052 (–0.047 to 0.152)

Study design

   Cross-sectional 6 62.2 0.021 0.052 (–0.005 to 0.108) 0.006

   Case-control 6 90.3 <0.001 –0.056 (–0.127 to 0.014)

   Cohort 2 74 0.050 0.093 (0.032 to 0.154)

Disease status

   Disease 4 84.9 <0.001 –0.012 (–0.057 to 0.033) <0.001

   Non-disease 10 55.4 0.081 0.120 (0.062 to 0.178)

Male-to-female ratio

   <1 11 86.4 <0.001 0.052 (0.012 to 0.092) 0.135

   ≥1 3 35.8 0.211 –0.016 (–0.095 to 0.063)

Body mass index, kg/m2

   <25 4 86.4 <0.001 –0.091 (–0.159 to –0.023) <0.001

   ≥25 10 76.1 <0.001 0.087 (0.045 to 0.129)

The Newcastle-Ottawa Scale

   <8 6 88.4 <0.001 0.002 (–0.048 to 0.051) 0.04

   ≥8 8 77.6 <0.001 0.077 (0.025 to 0.128)

Sample size (participants)

   <100 7 58.1 0.026 0.022 (–0.081 to 0.126) 0.751

   100–1,000 7 90.7 <0.001 0.040 (0.002 to 0.078)

Methods of measuring CRP

   ELISA 4 66.6 0.029 –0.024 (–0.097 to 0.05) 0.17

   Other methods 7 90.5 <0.001 0.056 (0.01 to 0.101)

CRP, C-reactive protein; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay.
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Fig. 3. Funnel plot of the included studies.
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DISCUSSION 

To our best knowledge, this is the first meta-analysis to assess 
the correlation between circulating irisin and CRP levels. In the 
overall results of the present meta-analysis, the circulating con-
centration of irisin had no correlation with that of CRP. Due to 
the significant heterogeneity among the studies, subgroup anal-
yses were performed, finding that the study design, disease sta-
tus of participants, sample size, and the male-to-female ratio 
were the main sources of heterogeneity. The results of the sub-
group analyses indicated that there were significant, positive, 
but weak correlations between CRP and irisin levels in cohort 
studies, studies conducted among healthy participants, studies 
with a male-to-female ratio less than 1, participants with a BMI 
≥25 kg/m2, high-quality studies, and studies with a sample size 
of at least 100 participants.

Irisin is a peptide that has been reported to play beneficial and 
protective roles for a wide range of disorders, such as insulin re-
sistance, obesity, and metabolic disorders [27,28]. Although nu-
merous studies have been conducted on irisin and its role in me-
tabolism, the literature contains scant data regarding its impact 
on inflammatory processes. Identifying the detailed characteris-
tics of irisin in inflammatory processes is an important step to-
wards the development of therapeutic strategies, especially for 
low-grade inflammation generated by immune cells in adipose 
tissues [3]. Most studies assessing the role of irisin in immunity 
have reported it to show anti-inflammatory properties. Irisin has 
been reported to reduce the expression and secretion of pro-in-
flammatory cytokines, such as TNF-α and IL-6 [29]. The pre-
cise anti-inflammatory mechanism of irisin is unclear; however, 
recent studies demonstrated that irisin can inhibit the activation 
of the Toll-like receptor 4 (TLR4) and nuclear factor-κB path-
ways, which are the most important pathways for activation of 
the innate immune system [3]. 

CRP is a classical acute-phase protein that is synthesized in 
the liver [30]. IL-6 and IL-1 are the main stimuli of CRP synthe-
sis, although other agents, such as corticosteroids, can also in-
fluence its synthesis [10]. In general, serum CRP concentrations 
are correlated with those of other inflammatory markers, such 
as IL-6 [31]. Its serum level rises and falls more rapidly than 
other inflammatory markers, making it a useful marker to fol-
low the clinical course of a disease and response to a specific 
treatment [10]. In human blood, circulating CRP binds to white 
blood cells through Fc receptors, specially the FcγRIIa receptor, 
which increases the production of cytokines [32]. Previous in-
vestigations revealed that CRP can increase the production of 

both pro- and anti-inflammatory cytokines [10]. Tilg et al. [33] 
suggested that the net effect of CRP is anti-inflammatory 
through its role in stimulating IL-10 and IL-1RA.

The overall results of the present meta-analysis demonstrated 
no significant correlation between circulating CRP and irisin 
levels. Of note, the results of the metaninf analysis indicated 
that by omitting the study of Mao et al. [19], the correlation be-
tween irisin and CRP became significant, albeit weak. Further-
more, it should be noted that after omitting this study, there was 
still a direct correlation between irisin and CRP. The study of 
Mao et al. [19] was conducted among patients with knee osteo-
arthritis, and demonstrated that serum levels of irisin were lower 
in these patients. A possible reason for lower levels of irisin in 
this group of patients could be lower levels of physical activity 
due to pain related to osteoarthritis. It has been thoroughly doc-
umented that irisin is a muscle-derived peptide that is secreted 
from contracting skeletal muscles, and lower levels of physical 
activity have therefore been associated with lower serum irisin 
levels [34,35]. In contrast, in osteoarthritis patients, the serum 
level of CRP increases due to the inflammatory nature of the 
disease [36]. These considerations could jointly explain the sig-
nificant negative correlation between irisin and CRP levels that 
was found by Mao et al. [19]. Therefore, it could be speculated 
that the serum concentration of irisin is influenced more by 
physical activity than by inflammation, although further studies 
are needed to confirm this hypothesis. 

Previous investigations have demonstrated that exercise pro-
vokes elevated levels of cytokines [37]. Those studies reported 
that skeletal muscles can express and produce different kinds of 
cytokines, such as IL-6, IL-8, and IL-15 [37]. Thus, IL-6 has 
been labeled as a contraction-regulated myokine, similar to iri-
sin, which is known to be a muscle-derived protein [37]. An ele-
vation in the serum level of IL-6 is the earliest cytokine re-
sponse to muscle contraction and exercise [37]. Increased serum 
levels of IL-6 can stimulate the production and secretion of CRP 
from the liver, increasing the serum concentration of CRP by as 
much as 100-fold [38]. Therefore, it can be speculated that dur-
ing muscle contractions, the serum levels of both CRP and irisin 
increase. 

It is notable that most of the studies analyzed herein did not 
find a significant correlation between irisin and CRP levels. As 
discussed above, the serum level of irisin is more strongly influ-
enced by physical activity than by inflammation, meaning that 
physical activity should be considered as an important con-
founder of the results of studies assessing serum levels of irisin. 
Almost all the studies that assessed the correlation between iri-
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sin and CRP levels were limited by not evaluating the physical 
activity of participants. Furthermore, the health status of the 
population studied (healthy or having a specific disease) is an 
important factor that might have affected the results. As the re-
sults of the subgroup analyses indicated, there was a significant 
positive correlation between irisin and CRP levels in the sub-
group of healthy participants, but there was no significant corre-
lation in the subgroup of participants with a disease. Of note, 
the comorbidities in the disease group were very diverse, in-
cluding type 2 diabetes mellitus, chronic kidney disease, psoria-
sis, nonalcoholic fatty liver disease, and osteoarthritis; the dif-
ferent origins of these diseases may have influenced the possible 
correlation between CRP and irisin levels. Therefore, our results 
should not be considered conclusive, and further studies are 
needed.

A positive correlation was found between CRP and irisin lev-
els in overweight or obese participants. Circulating levels of 
both CRP and irisin are highly dependent on body fat mass. It 
has been reported that plasma irisin levels were positively cor-
related with body fat mass [20]. In addition, body fat can influ-
ence the serum levels of CRP [39]. IL-6 and TNF-α are secreted 
by subcutaneous adipose tissue, which are the main stimuli of 
CRP synthesis [10]. The subgroup analysis also indicated a pos-
itive correlation between CRP and irisin in studies with a male-
to-female ratio less than 1. Previous investigations reported that 
females have a higher amount of body fat mass than males [40]. 
In addition, it has been found that irisin and CRP levels were 
higher in females than males [41,42]. It is also important to note 
that high-quality studies, cohort studies, and studies with a larg-
er sample size demonstrated a significant positive correlation 
between CRP and irisin levels. A well-designed cohort study 
with a large sample size can provide powerful results. Because 
the exposure is identified before the outcome, cohort studies 
have an appropriate temporal framework for evaluating causali-
ty, and therefore have the potential to provide the strongest sci-
entific evidence. Moreover, the results of the subgroup analysis 
indicated that there was no significant correlation between CRP 
and irisin levels in subgroup of studies that used the ELISA 
method to assess CRP, whereas a significant positive correlation 
was found in studies that used other methods. Although the 
ELISA method has advantages, several weaknesses of this 
method have been recognized. The results obtained from this 
method are largely dependent on the operator’s skill and experi-
ence, antibody quality, and the kit manufacturer [43]. Therefore, 
these shortcomings can limit the ability of ELISA to obtain ac-
curate results. 

This study has limitations. First, we did not limit the system-
atic search to a particular disease or condition, which led to an 
increase in heterogeneity. However, the subgroup analysis 
found lower levels of heterogeneity in some of the subgroups. 
Second, the small sample size of the individual studies limits 
the strength of the conclusions of the present meta-analysis, al-
though we nonetheless hope that this study will be helpful for 
future research.

In conclusion, the results of the present meta-analysis indicat-
ed that there was no significant correlation between irisin and 
CRP levels. However, the subgroup analyses found significant, 
positive, but weak correlations between CRP and irisin levels in 
cohort studies, studies conducted among healthy participants, 
and studies with a male-to-female ratio less than 1. Further-
more, we found that there was a significant positive correlation 
between irisin and CRP in overweight or obese subjects, al-
though it should be noted that there was a moderate-to-high lev-
el of heterogeneity between the studies in this subgroup. Despite 
the incremental impact of muscle contraction on the serum lev-
els of both irisin and CRP, most of the studies included in this 
analysis did not assess the physical activity of the participants, 
which is an important limitation of those studies. Therefore, fur-
ther well-designed studies are needed to confirm the results of 
the present meta-analysis.
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